In this study, which aims to examine the effects of non-controllable factors as well as input parameters on the efficiency performances of Turkish Coal Mine Enterprises, eight enterprises within Turkish Coal Enterprises (TCE) were examined. In order to keep the study as up-to-date as possible, data from the latest year (2005) was examined. For each enterprise, the outputs consisted of the amount of the production sold and the total income gained in the corresponding year; the controllable inputs consisted of investment expenditure, overburden stripping and number of staff; and non-controllable inputs consisted of total reserve and low heat values. In order to measure the effects of non-controllable inputs on enterprise efficiency, three-stage modified data envelopment analysis (DEA) model was employed. In the first stage, information concerning the efficiency of the enterprises was gained by using only the controllable inputs and outputs. In the second stage, the effects of non-controllable inputs on controllable inputs in inefficient enterprises were examined. Lastly in the third stage, the new efficiency values were calculated by means of DEA where controllable inputs and outputs modified according to non-controllable inputs were used. Considering the non-controllable inputs as a result of the analyses conducted with three-stage DEA model, it was determined that the average efficiency value of Turkish Coal Enterprises increased from 87.5% to 92.3%.
INTRODUCTION
The demand for energy is increasing tremendously in parallel with the population growth, industrialization and technological advances around the world. Energy, the very source of economic progression and social development, is becoming one of the key factors in the economic growth of a country and prosperity of its people. Coal (lignite and hard coal) -with a 70%proportion among reserves like petroleum, natural gas and alike that constitute the energy resources apart from nuclear energy -is considered as the energy resource of future.
Coal is one of the major fuel sources used for electric power generation. More than half of the world's total coal production currently provides around 37% of the world's electricity (Kiliç and Kiliç, 2006) . This ratio is 53% in the USA and Germany, 69% in Greece, 75% in China, 77% in Denmark, 83% in Australia, and 95% in Poland. 32% of electricity energy in Turkey is provided from coal (tki.gov.tr, 2004) . In addition to electric production, coal can be utilized in various important fields such as steel and cement manufacture, and industrial process heating. In the developing world, the use of coal in the household, for heating and cooking, is also important (WCI = World Coal Institute, 2005) . According to WCI 2004 data, thermal coal has grown by about 7% per annum over the last 20 years.
Coal is generally the only alternative when low-cost, cleaner energy sources are inadequate to meet increasing energy demand. Developing countries utilize about 55% of the world's total coal today. This percentage is expected to increase to 65% over the next 15 years. In 2050, coal will account for more than 20% of the world's primary energy (Balat and Ayar, 2004) .
In Turkey, which can be considered rich in terms of lignite reserves, it is vital that production level of coal, capable of meeting the energy demand to a large extent, be increased so that it is managed economically as the most common natural resource. On the other hand, there are some major difficulties in finding new reserves and financing investments. Efficiency-increasing activities are needed urgently in order to manage the present reserves at an optimum level, to decrease the dependency on foreign countries and to make up an efficient alternative for other energy resources. Therefore, measuring the technical efficiency, which is the achievement criterion in measuring to what extent an enterprise produces the most number of outputs by using the combination of inputs it possesses in the most proper way, was evaluated to be appropriate.
The following led us to Data Envelopment Analysis (DEA): actual production function of the enterprises to be subject to efficiency evaluation is never known and it is thought that accurate results can never be obtained when the functional form to be determined is wrong; it makes it possible to evaluate many variables and constraints together and allows for carrying out guide analyses and interpretations by means of the wide theory and methodology mathematical programming offers us.
DEA is a linear programming-based technique aiming to measure the relative performance of decision-making units when inputs and outputs with more than one and different units make comparing process difficult.
Standard DEA, which is commonly used in efficiency analysis and has innumerable applications, assumes that the units determined are homogeneous units which realize the same tasks with similar objectives, which produce similar outputs by using similar inputs and which operate in similar environments (Golany and Roll, 1989) . Those environments considered to be homogeneous could usually be spoiled due to the nondiscretionary environments and the inputs used in analyses could require different 430 The Effects of Non-Controllable Factors in Efficiency Evaluation of Turkish Coal Enterprises environments. These inputs which are not controlled by DMUs and which influence efficiency score are generally called non-discretionary factors (Syrjanen, 2004) . Taking the environmental factors into consideration and suggesting that the amount of the outputs produced by an enterprise is influenced by some factors other than the inputs, Charnes (1980) divided the variables employed in efficiency measurement into two groups: discretionary and non-discretionary variables. Non-discretionary variables consist of suitable or unsuitable factors which influence the performance of each producer and the results from the calculated DMUs and which reflect both organizational and management constraints and different features (Muniz, 2002) .
The presence of non-discretionary inputs in efficiency index calculation leads us to make a distinction between two main effects as producer activity and the practical conditions of production process. The distinction between these effects is necessary when a careful measurement of producer activities and an accurate interpretation are desired. Besides, determining and examining efficiency in detail will be needed in order to improve the results from the calculated units (Muniz, 2002) .
In the standard DEA models developed by Charnes et al. (1978) and Banker et al. (1984) , non-discretionary factors are treated as ordinary discretionary factors helping examine the efficiency and they are completely excluded from the process. Therefore, many models were developed aiming to take non-discretionary inputs into consideration. In this study, the model developed by Fried and Lovell (1996) and then modified by Muniz (2002) , one of the models mentioned in the second chapter, was used.
The reasons why this model was chosen are that it was developed with the aim to eliminate the limitations of the other models taking non-discretionary factors into consideration in non-parametric efficiency analysis and that it also aims to increase the net efficiency of DMUs under the influence non-discretionary inputs; in other words, it is capable of excluding the constraints caused by non-discretionary factors and technical inefficiency. Due to the fact that mining sector depends heavily on environmental conditions and it contains some uncertainties, conducting a study like this one was thought to be appropriate to examine whether non-discretionary variables have an influence over the efficiency measurement in this sector or not.
Despite the considerable number of studies in literature conducted into DEA, there are very few number of studies in which the productivity and efficiency in mining sector are measured through DEA. It was observed that none of the studies examined took non-discretionary factors into consideration to a sufficient degree. Two studies were conducted into DEA in mining sector. Kulshreshtha and Parikh (2002) , between 1985 and 1997, tried to determine the efficiency and productivity through DEA by using the yearly data of the mining machinery in 30 sites belonging to the underground and opencast coal mining of India. Despite their effort to take nondiscretionary factors into consideration in their study, they could not collect detailed data concerning non-discretionary inputs caused by the use of one-stage model developed by Banker and Morey (1986) (Kulshreshtha and Parikh, 2002) . Thompson and Thrall stated in their theory that profitableness ratios and technical efficiency examined by using Data Envelopment Analysis ought to be regarded separately. This issue was proven by using the data from Illinois coal mine. As a result, it was proven that DEA technical efficiency did not bring about DEA maximum profit ratio; on the contrary, DEA maximum profit ratio did bring about DEA technical efficiency (Thompson et al., 1995) . Byrnes et al. (1998) examined US coal mining by means of two analytical techniques: mathematical programming and regression analysis. Showing that nonparametric mathematical programming let distinctions such as technical efficiency and measurement efficiency, it was proven to be superior to the other method as a guideline for managers.
Byrnes and Fare examined the relative efficiency of US opencast coal mines in 1987. The research was conducted on a total of 186 samples through a non-parametric and non-stochastic method and the efficiency of each firm was calculated relatively with fragmentary linear technology and the causes of the inefficiency were defined.
Our aim is to determine to what extent mining enterprises use their present resources efficiently and which enterprises display a more successful performance regarding the most efficient use in comparison with others and to advise unsuccessful enterprises by considering the non-discretionary factors in order to reduce the growing coal deficiency. To this end, this study tried to carry out performance analyses for the eight sectors/regions (with several enterprises) operating under Turkish Coal Enterprises, examined the effect of non-controllable inputs and stated that non-controllable variables like reserve and low heat value relatively influenced operating efficiency.
After this introductory part, the 2 nd part gives brief information about standard DEA and provides a detailed explanation of Fried-Lovell and Muniz model, which forms the foundation of this study. The practical phase of the model with actual data from TCE is presented in the 3 rd part and the results gained are discussed in the 4 th part.
PROBLEM FORMULATION AND MATHEMATICAL MODEL
The methods to measure efficiency, which is defined as the achievement to produce as much output as possible with the inputs consumed or to obtain a certain output composition, are classified into two main headings as ratio analysis and frontier efficiency approach. Ratio analysis includes one-dimension analyses in terms of scope and objective. The need to gain a single criterion by weighing different ratios calculated in efficiency measurement is stated to be the most important drawback of ratio analysis method. In frontier efficiency approach, on the other hand, the most efficient frontier is determined first and then relative efficiencies of DMUs in the problem are measured. Production frontier could be measured through a special functional form or limited parameters and by using parametric or non-parametric approaches. Parametric approaches assume that the production function about the enterprises where efficiency measurement is realized has an analytical structure. Since production function is not known in practice, Farrell (1957) suggested estimating the function by using the data in sample. The first suggestion was evaluated by Charnes, Cooper and Rhodes and this led to emergence of non-parametric Data Envelopment Analysis (DEA) (Atan, 2005; Kaya and Dogan, 2005; Tarim, 2001; Yu, 1998) . Data Envelopment Analysis is a linear programming-based technique aiming to measure the relative efficiency of decision-making units when inputs and outputs measured with several and different scales or those with different measuring units make comparing process difficult (Banker, 1992) . 432 
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By determining a frontier (efficient frontier = enveloped surface) composed of relatively efficient ones (A, C, F) among DMUs performing the same production activity through mathematical programming principles, DEA, used for comparative efficiency analysis, is a technique that can determine the performance of the relatively inefficient units (B, D, E) within the extent they are far from this frontier. A, B, C, D, E, and F points are presented in Figure 1 . illustrating the efficient frontier express DMUs.
Non-controllable factors in standard DEA models are treated as if they were normal optional factors helping to examine efficiency and their effect is not taken into consideration. Many different approaches were developed in order to eliminate this drawback (Syrjanen, 2004) .
Established by Banker and Morey (1986) and later developed by Golany and Roll (1993) , the first DEA model using non-controllable inputs consisted of a single stage. Environmental differences are not taken into consideration in these efficiency measurement models, which evaluate controllable and non-controllable factors simultaneously and require just one DEA. In other words, controllable or noncontrollable factors are all treated as controllable factors or they are completely excluded from analysis. Therefore, they do not allow examining the effects other than managerial control. Ruggiero (1996) developed an alternative model aiming to eliminate the drawbacks of the model by Banker and Morey. However, it came out that the performance of this model also, on the condition that other values were equal as well, decreased as the number of non-discretionary inputs increased and it tended to define DMUs as efficient (Muniz et al., 2006) . Ray (1991) and Ruggerio (1998) developed multi-stage models proposing the use of regression to establish a detailed index about non-controllable factors. Regression analysis is realized in the second stage of these models. Because regression analysis initially requires a functional form, it should be noted that its measurements will be inaccurate if the functional form assigned is incorrect as well (Muniz et al., 2006) . Fried and Lovell (1996) , therefore, developed a model consisting of three different data envelopment analyses in order to eliminate the drawbacks of the other models taking non-controllable inputs into consideration and to increase the net efficiency of DMUs. While only controllable variables are considered in the first stage of this model, later modified by Muniz (2002) , the effect of non-controllable variables is examined in the other two stages (Torrubia et al., 2004; Muniz, 2002) .
The rationale for DEA models is the use of radial component under input minimization and output minimization. Adhering only to this radial component causes a loss of information that could be avoided through the use of total slack. The only feature that distinguishes the model by Fried-Lovell and Muniz from the previous ones is the use of total slacks (radial and non-radial (Muniz, 2002) .
In this study, since the objective was to examine if the non-discretionary inputs in the sector had an influence over mining enterprise efficiency or not, an input-centered application was realized. If non-discretionary outputs were taken into consideration, an output-centered application would have been needed.
The symbols used in the formulation of the three-stage DEA model which forms the foundation of this study are defined below.
Sets and parameters n
number of decision making units where comparison is realized, s number of outputs gained from production, m number of inputs used in production, p number of non-controllable factors affecting production, k = (1,2,….,n) set of decision making unit considered, j = (1,2,….,n) set of all decision making units, r = (1,2,….,s) set of all outputs, i = (1,2,….,m) set of all inputs, l = (1,2,….,p) set of all non-controllable factors, θ k scalar variable (efficiency value) trying to increase all inputs of k DMU considered to gain the best frontier, λ j the weighted value j decision making unit gets for controllable factors, Y rj the r th output amount produced by j decision making unit, Y rk * the arranged r th output amount of k decision making unit, s rk slack value (the output not produced in sufficient amounts) of the r th output of k decision making unit (which cannot be measured with DEA in "radial" terms but can be increased), X ij the i th input amount used by j decision making unit, X ik * the arranged i th output amount of k decision making unit s ik + slack value (controllable input used in excess) of the i th output of k decision making unit (which cannot be measured with DEA in "radial" terms but can be increased), 434 The Effects of Non-Controllable Factors in Efficiency Evaluation of Turkish Coal Enterprises β k scaler variable trying to decrease all slack variables of k DMU considered to gain the best frontier, µ j the weighted value j decision making unit gets for non-controllable factors, Z lj the l th non-controllable input amount used by j decision making unit, s lk * slack value of the l th non-controllable output of k decision making unit (which cannot be measured with DEA in "radial" terms but can be increased), S ij + the i th input amount of j decision making unit arranged by considering obtained slack variables and radial inefficiency ( ), S rj the r th output amount of j decision making unit arranged by considering obtained slack variables ( ), s ik ++ slack value of the slack variable of k decision making unit's i th input (which cannot be measured with DEA in "radial" terms but can be increased),
First Stage
The objective at this phase is to determine the slack variables at the first stage for each DMU ( , inputs used extensively or outputs not produced in sufficient amounts) by means of the standard DEA where only discretionary variables are taken into consideration.
The model established under input minimization is as follows:
Objective function
(1)
Constraints
(r = 1, 2, ...., s),
(4) (j = 1, 2, ...., n).
At this point, the input amounts used by inefficient mining enterprises are compared according to the minimum input amounts (constraint 3) determined through the efficient limit to produce constant output (constraint 2) and data is collected about the efficiency scores of the enterprises and slack variables. (Cooper et al., 2000) .
Second Stage
The slack variables determined at the first stage emerge due to two different effects. First one is the effects of non-discretionary inputs (β k [(1-θ k ) · X i +s i + ] j ) and the other is the technical inefficiency emerging during the production ((1-β k )[(1-θ k ) · X i +s i + ] j ). The aim of the second stage is to determine the amounts and differences between the two effects.
Total slack value gained from the first stage (S ij + = (1-θ k ) j · X ij +s ij + ) is used to determine the efficient frontier points. The object of this stage is to minimize the slack value in a variable attributable to non-controllable input value, in other words, to condition non-controllable inputs by means of their observed values.
The second stage is expressed as follows (as stated above for model X i variable and will be similar for Y r variable excluded from total slack value) (Muniz et al., 2006; Muniz, 2002; Bosch et al., 2001) .
Objective function
In this stage, formed by DEA using non-discretionary factors and total slacks, the objective function used to minimize the slack value in a variable attributable to noncontrollable input value is as follows;
(6) Constraints (l = 1, 2, ...., p), (i = 1, 2, .., m),
(j = 1, 2, ...., n).
The frontier created for each variable at this the second stage is presented in Figure 2 . A controllable input i and only one non-controllable input amount Z was dealt with in order to be explanatory. The aim here is to calculate the frontier formed by minimum slack S j gained through each DMU for the given value of the non-controllable input Z.
The envelopment is determined by efficient DMUs. An efficient DMU can be associated with positive slacks, as occurs with A DMU in Figure 2 (S jA ), where this is the minimum slack that A could achieve for the value Z * of its non-controllable input (Z * is the amount of non-controllable input yielding the minimum slack value).
To analyze the situation in the case of an inefficient DMU, B, it is assumed to be efficient producer, such as A, for which value Z * is the same. Let the slack be S jB . It devides this value into the amount that the efficient producer, A, would produce, S jA , which is considered the minimum achievable, and the difference (S jB -S jA ) which is considered to be due to the inefficient of B DMU (Muniz, 2002; Torrubia et al., 2004) .
The following step after the calculation in detail is to adjust the original data of each unit. The slack variable parts attributable to non-controllable inputs are the value on the frontier (consisting of the minimum slack variables calculated by each unit for the given value of their non-controllable inputs) in the second stage. According to the modification by Muniz (2002) , on the other hand, if the original value of the outputs increases (decreases in the case of non-controllable inputs), non-controllable inputs will adequately compensate for the effects in relative terms. In other words, the minimum slacks obtained in the second stage will be excluded from (added to) the original values of controllable inputs (outputs) (Muniz et al., 2006; Torrubia, 2004; Bosch et al., 2001) .
The new values can be expressed as the following:
(Λi = 1, ...., m) (Λr = 1, ...., s)
where .
Third Stage
The efficiency of the producers is evaluated with the DEA carried out after the original values are modified in this manner (in other words, after the effect of the noncontrollable inputs on the producers is compensated). The slack variables detected at this stage will be caused by the inefficient performance of the producer (Muniz et al., 2006; Bosch et al., 2001) . 1/10.000) and checked by drill holes with a total length of more than 1.212.000 m. Drillhole intervals lies between 50 and 2650 m. After detailed studies, the extent of the coalbearing formations was determined to be about 1473,9 km 2 . The thickness of coal seams lies between 0,05 and 87 m, with a maximum depth of coal seam from surface being 828 m (Tuncali and Ocakoglu, 1995; Gokmen et al., 1993) . Turkey's coal reserves in 2004 are shown in Table 1 . As it can be seen in this table, Turkey has mainly both HC and LG reserves. The HC is abundant in and around Zonguldak which has more than 428 Mt of proven reserves. In addition, it is estimated that approximately 20 Mt reserves may be found in the Toros Mountains and in the Diyarbakir province (WECTNC = World Energy Council Turkish National Commitee, 2004). The map describing the coal reserves of Turkey is presented in Figure 3 .
APPLICATION
Rich LG deposits are spread all over the country. The most important reserves are in the Afsin-Elbistan, Mugla, Soma, Tuncbilek, Seyitomer, Beypazari, and Sivas regions. Total LG reserves are estimated to be about 8.375 Mt as of 2004. Table 2 and Figure 3 illustrate the distribution of the Turkish LG reserves by region (MENR, 2005) .
There is a large variety of LG reserves in Turkey. Table 3 . Better quality LG of over 12561 kJ/kg only accounts for approximately 7%. The sulphur rate ranges from 1% to 6% (Kural, 1999) . The chemical characteristics of Turkish lignites are given in Table 4 .
In Turkey, which can be considered rich in terms of lignite reserves, it is vital that the resources be used efficiently so that the present reserves can be managed at optimum level.
Data and Variables
Using DEA, the model made use of the 2005 data from eight enterprises of Turkish Coal Enterprises. The data was collected from Turkish Coal Enterprises (TCE). As TCE is an organization possessing about 80% of domestic reserves, access to proper data concerning the lignite production of the country is possible only through this institution. Aiming to increase the production, to perform studies to improve coal quality and to minimize coal production expenditure, TCE has a total of four institutional directorates in Turkey (Soma, Yatagan, Tavsanli and Seyitomer) that realize production and marketing activities and a total of four Enterprise Directorates working under them (Can, Milas, Ilgin and Orhaneli). Since many mining enterprises of Turkey operate under these 8 directorates, gaining proper data was possible only in this way. Therefore, it was regarded appropriate to perform an evaluation within the limits of these directorates.
For the sake of the reliability of the study in DEA, it is crucial that the number of decision making units be at least one more than the sum of the number the inputs chosen and that of outputs. In other words, assuming that the number of the inputs chosen in DEA is i and the number of the outputs is r, a minimum number of i + r + 1 decision making units is a requisite constraint for the sake of the reliability of the study. In this respect, it is thought that reliable results have been gained as the number of DMUs in the application (8 units) is one more than the sum of the numbers of inputs and outputs used. Two outputs, three controllable inputs and two non-controllable inputs were taken into consideration in the analysis. Considerable attention was given to make sure that the inputs and outputs were the sets representing the production technology best. For each enterprise, outputs consist of the amount of the production sold (the amount of the coal sold in tons in the corresponding year) and the total income gained (the money gained from the coal sold in YTL). Although the production sale amount and the total income seem to be same variables, they refer to different variables because the unit prices in mining sector vary depending upon the quality parameters of coal (calorific value, sulfur ratio, humidity, ash content and so on) and where it is sold (teshin or thermoelectric power plant).
Sets and parameters
Of the discretionary inputs, investment cost refers to the expenditure occurring due to investment activities of the enterprise (YTL) in the corresponding year and is one of the inputs playing a key role in a mining enterprise beginning to operate. As opencast method is applied in the majority of the DMUs examined, overburden stripping was thought to be one of the inputs required to be taken into consideration. Overburden ratio expresses the percentage of the volume of stripped surface in open cast mining to tons of deposits (m 3 /ton). The number of the staff was regarded as another input. The number of staff refers to the number of people working in the enterprise. Using this input was considered to be appropriate in terms of the accuracy of the analysis because more clear data about the number of staff was provided by TCE. Other discretionary inputs such as fuel and equipment, which are commonly used in productivity and efficiency analyses, could have been included in the analysis. In DEA, however, the number of DMUs is determined based on the number of inputs and outputs. The 8 units of DMUs used in the application brought a limit to the number of inputs and outputs.
Coal deposit and low heat value expresses non-controllable inputs in mining sector. Reserve represents the certain amount of unprocessed mine (10 3 ton) that is economical and display some kind of certainty in short term and low heat value represents the heat value (kcal/kg) emerging when a kilo of a material is burnt. Reserve and low heat value were regarded as non-discretionary inputs since the former is one of the parameters which determine the investment cost and the latter is one of the parameters determining the quality, and therefore the unit price. The data used is presented in Table 5 . 
Analysis of the Model
In the first stage of the three-stage DEA model, information about slack variables (the outputs not produced in sufficient amount and the inputs used in excess) was collected in the DEA carried out by taking three controllable inputs and two outputs into consideration. As can be seen in the first part of Table 6 , it was determined that four DMUs (Soma, Milas, Ilgin and Seyitomer) were technically efficient as only these DMUs met the required conditions (that is, θ k efficiency values are equal to 1 and the slacks are equal to zero). In the second stage, a new DEA that would minimize the slacks obtained in the first stage under the influence of non-controllable factors was carried out. As a result of the analysis, minimum slacks in variables according to non-controllable input values were obtained. If the target slacks obtained in this stage are zero, it indicates that the slacks detected in the first stage are completely due to technical inefficiency. If their values are positive, it is concluded that the slacks here are due to non-controllable inputs. The calculated targets for each variable are presented in Table 6 . 5 enterprises with null target slack values for five variables were obtained. Four of these enterprises had already been detected as efficient in the first stage. The slacks obtained in the first stage for the one remaining enterprise (Can) indicate that the inefficiency of this enterprise is due to technical inefficiency because all of the target slacks according to non-controllable inputs are null.
As can be seen in the result of the analysis, Can enterprise is really technically inefficient. This has several reasons. First of all, a limitation had been introduced on the use of this coal in large-scale settlement areas due to the high sulphur value it possesses. Founding a thermal power plant was taken into agenda in order to solve this problem. The existing engine park needs to be improved and infrastructure facilities need to be increased since the production capacity of the enterprise will be upgraded to 2.300.000 ton/year, which was 500.000 ton/year for the power plant at the constructing phase in 2005.
Second, there always occur landslides due to the reasons such as the characteristics of Can Enterprise site formation, water problem and that a rapid production cannot be realised because of the failure to achieve the desired development. In order for the overburden stripping and production activities of an enterprise in an area with a high occurrence of landslides to be performed in a rapid and systematic way, improving the existing engine park, expanding the limited site for waste earth, improving the streams surrounding the enterprise and providing sufficient labour will be of most help. Ensuring operational continuity with only overburden stripping without making investments because of landslides is not considered to be likely in this enterprise.
The target slacks of the rest of the three enterprises (Yatagan, Tavsanli and Orhaneli) either increased or decreased due to the effect of non-controllable inputs. When the target slacks for each variable are examined, it is seen that outputs are not practically influenced by non-controllable inputs but inputs are.
In the third stage, the original model was modified so that the negative effects of the non-controllable variables on the enterprises could be compensated. The targets obtained in the second stage were used in the modification process. The adjusted 444 The Effects of . Graphical illustration of the results from 1 st stage and 3 rd stage. Figure 4 and Table 7 and the overall increase in the efficiency of the examined producers is illustrated.
The effect of non-controllable inputs is compensated in terms of both the number of efficient enterprises and the average efficiency percentage. Thus, the adjustments over the efficiency index do not display the same amount of effect on all the enterprises. The coal reserve and low heat value of each enterprise is relatively effective in this adjustment.
It could be suggested that the inefficiency of Can Enterprise (with 57% efficiency score) is completely due to its technical inefficiency and that the slack variables obtained from the evaluations carried out after the slacks corresponding to the effects of non-controllable inputs were cancelled in the third stage (like in Tavsanli and Orhaneli) are due to technical inefficiency.
As result of the analyses, it was determined that more than half of the Turkish coal enterprises operated efficiently. The common features of the efficient enterprises were identified from the 2005 activity reports of Turkey Coal Enterprises.
The import coal entering the country with a low tax and environmentalist pressures affect our local coal mining negatively. Regarding the results gained, it is apparent that the efficient coal mining enterprises can sell all of the coal they produce. While Soma, Yataian, Milas, Seyitömer enterprises sell all or most of their production to thermoelectric power plant, Ilgin enterprise meets the need of the region. It was also determined that these enterprises did not need to perform too much overburden stripping in order to produce 1-ton coal. The fact that the main overburden stripping activity in Ilgin enterprise came to an end is the most significant reason why this enterprise became efficient. It was observed that the overburden stripping activities were undertaken by a contractor as well as the enterprise. On the other hand, the fact that Çan enterprise has a contractor perform most of the overburden stripping activities result in inefficiency (www.tki.gov.tr/faal_2005.pdf). It is possible to carry out sensitivity analysis to calculate the right input amount needed to be used by the enterprises still inefficient after being made free of the effects non-discretionary variables.
Sensitivity Analysis
The DMUs on the enveloped surface (efficient enterprises) consist the reference set for the inefficient units. As a result of the sensitivity analysis performed according to these reference DMUs, the input values needed to be used by inefficient enterprises to become efficient are determined. It is anticipated that the units will reach the technical efficiency if they use these suggested inputs (Table 8) .
(i = 1, 2, 3, …..., m) X ik * the new i input calculated for inefficient k enterprise, X ij the amount of inputs for efficient j enterprise in the reference set, λ jk the dual value of efficient j enterprise in the reference set of inefficient k enterprise.
The enterprises will be able to become efficient when they use the new input values given in Table 9 .
As mentioned above, Çan enterprise operates inefficiently due to the high ratio of the coal it produces and frequent landslides. In order for the overburden stripping and production activities to be realized in a systematic and rapid way, the inputs used unsuitably and extensively will be reduced by means of proper structuring and the efficiency of the enterprise will be able to be increased.
Beginning from the year 2005, the activities aimed at making the underground production systems in Tavsanli enterprise fully-mechanized were accelerated. The expected decrease in production costs and increase in productivity in comparison with the traditional production system couldn't be achieved through the mechanized production systems. The major reason why the expected results couldn't be achieved although all conditions in terms of technology, labor and financial resources emerged is that a proper administrative and technical structure did not exist. With the proper restructuring, the input amounts will be reduced and the enterprise made efficient. Due to the construction of Orhaneli Thermoelectric Power Plant Chimney Gases Treatment Facility, the production of the mining enterprise went down for a long time. As a result of this, the enterprise was operated at loss and it couldn't afford even its own renovation investments. Besides, the prolonged waiting period about the transfer of the mine and the plant with a "Build-Run-Transfer Law" and the chronic overburden stripping, production, employment and planning deficiencies caused new uncertainties. Therefore, in these uncertain conditions, dragline panels couldn't be prepared and run. All these negative effects influenced the enterprise efficiency (SPO, 2001) .
CONCLUSION
In the efficiency measurement employing three-stage DEA, the basic distinction between the effects not under the control of the producers and the proper technical inefficiency component can be made. The accurate measurement of the technical efficiency for each producer can be performed by means of the analysis carried out in this way and therefore prospective strategies according to corrected results from the enterprises can be determined. The fact that DEA is used in every stage of this model and it doesn't require a functional form like in parametric methods makes it possible to avoid any calculation mistakes that might be caused by the fact that this production function is not known in practice.
It was observed as a result of the analyses that the average efficiency value went up from 87,5 percent to 92,3 percent. 5 enterprises (Soma, Milas, Ilgin and Seyitömer) out of 8 examined were determined to be efficient. The common feature of the efficient enterprises is that they can sell all of their production and their overburden stripping costs are low. It was also determined that the inefficiency in Çan enterprise is caused 448 The Effects of Non-Controllable Factors in Efficiency Evaluation of Turkish Coal Enterprises by technical inefficiency only; the one in Yatag v ann is caused by non-discretionary inputs only; those in Tavsanli and Orhaneli, on the other hand, are caused by both technical inefficiency and non-discretionary inputs. Both the sulfur value of the coal and site formations were influential in the technical inefficiency of Çan enterprise.
The reserve for mine deposits, considered among non-discretionary factors, has a key role in determining the investments to be made. The usage duration of the investments and equipment should suit the amount of the reserve and the span of the mine. The low heat value is another factor which is one of the quality parameters playing a key role in determining the coal price. It was determined by means of analysis results that non-discretionary factors such as reserve and low heat value have effects on the efficiency. It was determined that the inputs used are too many in comparison with reserve values in Yatagan and Tavsanli enterprises where nondiscretionary factors are effective and that the inputs used are too many when compared with the production amount sold because the low heat value of the coal produced is low in Orhaneli enterprise. Tavsanli and Orhaneli enterprises determined to be inefficient still after excluding the effects of non-discretionary inputs from discretionary inputs were also identified to be technically inefficient. The technical inefficiency is caused by the lack of proper administrative and technical structuring.
It was concluded that in order for the accurate technical inefficiency values of mining enterprises to be determined, non-discretionary inputs should certainly be taken into consideration in efficiency calculations.
A sensitivity analysis was conducted so that suggestions could be made to eliminate the technical efficiency observed after adjusting the negative effects of non-controllable variables on the enterprises. As a result of the analysis, the input values which the enterprises should use in order to become technically efficient were determined.
